This paper investigates under what conditions knowledge available to team members leads to positive performance outcomes. We surmise that mutual knowledge that enables the team members to coordinate their work efforts is beneficial for team performance up to a limit after which excess mutual knowledge causes a decline in performance. We further suggest that the inverted U relation between mutual knowledge and performance will be amplified when team size is low and neutralized when team size is high. Similarly we hypothesize that the inverted U relation between mutual knowledge and performance will be amplified when Onsite ratio is high and neutralized when Onsite ratio is low. We test these hypotheses in a sample of offshore outsourced software services projects and find support for all our assertions.
INTRODUCTION
Understanding how firms deploy and use knowledge resources to attain strategic ends is a pervasive topic in the organization and knowledge management literature (Winter, 1987) . In general, it is intuitive that teams with more knowledge outperform teams with lesser knowledge resources.
However, recently, several scholars have questioned this intuition, suggesting that knowledge use is different from access, and we need to pay more attention to how knowledge is used in teams to achieve desirable organizational outcomes (Hansen and Haas, 2001) . In this paper, we further this research by understanding how the level of mutual knowledge in project teams impact profitability of outsourced software development projects. Whereas it is intuitive that teams with more knowledge are likely to perform better, recent work suggests that this may not always be the case.
Though much of this research attempts to under the influence of diversity on demographic characteristics such as age, gender, and race, Williams and O'Reilly (1998) specifically mention that though functional diversity in a team is associated with positive team performance, its effect seems to be smaller than expected (also see Van Knippenberg and Schippers, 2007) .
Related research has suggested that project teams involving functional specialists, despite having superior access to information may still underperform because of the lack of mutual knowledge within the team. Mutual knowledge is defined as knowledge that is shared and is known to be shared (Srikanth and Puranam, 2011; Clark, 1996) . In the absence of mutual knowledge, team members may not know what others know, or they may not have adequate knowledge to evaluate and integrate the contributions of other members to the joint task. Teams that lack mutual knowledge are likely to suffer from coordination failures that manifest themselves as misunderstandings, delays and effort integration problems, detracting from project performance (Srikanth and Puranam, 2011). Cronin and Weingart (2007) and Huber and Lewis (2010) argue that such lack of mutual knowledge may underlie problems faced by diverse teams, especially those staffed with multiple functional specialists. Heath and Staudenmayer (2000) take this argument a step further and note that teams with functional specialists are prone to "coordination neglect" -they suffer from excessive focus on division of labor and simultaneously neglect task integration -and therefore suffer from poor performance.
Though prior work has hypothesized about the importance of mutual knowledge on coordination (Heath and Staudenmayer, 2000; Puranam, Raveendran and Knudsen, 2012; Cramton, 2006; Kotha, George and Srikanth, 2013) , the empirical work typically measure mutual knowledge by relying on prior experience as a proxy. For instance, the literature on transactive memory systems, though conceptually about mutual knowledge, actually never measure it (see Argote and Ren, 2012 for a review). Prior joint work experience can result in a number of changes in the work group, most significantly in positive affect between team members that could also result in positive performance outcomes. In this study we measure mutual knowledge using a more reliable proxy -the number of common "subjects" studied by the members of the team. We collect data from a firm that significantly improved its human capital base by relying on on-going training. Crucially, for our purposes, the firm measured progress in its training efforts by administering standardized exams to its employees on a variety of business (such as banking, insurance, HR, etc.) and technical (JAVA, .NET, COBOL, etc.) domains. Every employee in this firm was mandated to appear for at least two of these standardized tests every year, in the domains that were most relevant to their current projects and career plans. By accessing this "test" database, we can develop a more accurate measure of the level of mutual knowledge in any given project. A second novelty of our work is that we actually examine the impact of mutual knowledge on any given project's financial profitability.
Earlier studies use prior team experience as a proxy for mutual knowledge, which is also compatible with other causal explanations for this result. Our measure of mutual knowledge in the form of investments in human capital, allows us a degree of confidence in the underlying mechanism. Since rework (or the lack thereof) is the principal driver of profitability in this context (Ethiraj et al, 2005) , we directly test the link between mutual knowledge and project performance. We develop hypotheses below:
HYPOTHESES:
Following Srikanth and Puranam (2011), we argue that mutual knowledge is essential for superior project performance as it ensures proper coordination between team members working together to achieve a desired objective. However, too much mutual knowledge may lead to redundancy causing effort wastage and therefore reduce project performance. The lack of complementary knowledge between team members may adversely influence task performance (Argote and Ren, 2012; Kotha, George and Srikanth, 2013) . In addition, if every person in a team has the same amount of knowledge it may lead to ambiguity and confusion regarding who is responsible for completing which tasks, and may lead to political arguments (Haas, 2006) . Therefore,
H1:
The relationship between business domain mutual knowledge and performance is curvilinear and is such that the slope is positive from low to moderate domain knowledge and negative from moderate to high domain knowledge.
With globally distributed teams, coordination at a distance is a challenge -so mutual knowledge is beneficial and essential. Coordination across geographic distance is difficult, mainly because such distributed teams cannot rely on the benefits of co-location. Ongoing rich face-to-face communication and common ground available from sharing the same physical space, both of which have been shown to be very important for achieving coordination (Olson and Olson, 2000; Olson et al, 2002; Kraut et al, 2002) . Srikanth and Puranam (2014) found that in their sample, co-located software development projects relied mainly on ongoing communication for coordinating, and therefore did not make significant investments in modularization or generating mutual knowledge by other means. These studies suggest that when software projects are distributed between onsite and offshore locations pre-existing mutual knowledge may be more important to achieve coordination than in projects that are not spatially distributed. In the specific context of our study, the onsiteoffshore ratio serves as a proxy for the distribution of personnel across locations. Generally, clients are located onsite, and it is at this location that the requirements for the software services to be provided by the vendor are determined (Cataldo et al, 2006; Dibbern, Winkler and Heinzl, 2008; Oshri, Kotlarski and Willcocks, 2007) . Mutual knowledge regarding the business domain between personnel located onsite and those located offshore helps in the coordinating action across these locations, and ensures that software service ultimately delivered is in accordance with specifications and requires minimal rework. The great the number of personnel located onsite relative to offshore, lower the demands on mutual knowledge since they can always relay on ongoing communication for coordinating (Srikanth and Puranam, 2014) . However, if there is too much mutual knowledge in the team that is also predominantly located onsite, the negative effects of mutual knowledge discussed above are likely to manifest. In contrast, the lower the personnel onsite relative to offshore, the higher the reliance on pre-existing mutual knowledge in order to achieve coordinated outcomes. For a project with a given level of complexity and size, fewer the onsite members, the more likely these members are coordinating with different offshore teams. Therefore, in these cases, higher levels of mutual knowledge are likely have a greater positive impact on coordination and a smaller negative impact from role ambiguity. Putting these arguments together, we suggest that:
H2: Onsite-Offshore ratio moderates the curvilinear relationship between business domain mutual knowledge and performance such that the inverted U-shaped pattern is amplified when Onsite-Offshore ratio is high and neutralized when Onsite-Offshore ratio is low.
We expect that team size moderates the relationship between mutual knowledge and project profitability. We expect that mutual knowledge is likely to be more important in large teams than in smaller teams. In smaller teams, the members can communicate with each other more easily.
Therefore, even when team members do not have adequate mutual knowledge, we expect that they are more likely to be able to solve coordination problems easily. In contrast, when small teams have too much mutual knowledge, they are more likely to suffer the consequences of lack of requisite knowledge and the potential problems of role clarity, similar to those discussed by Sine et al (2006) in the context of small entrepreneurial teams. On the other hand, in larger teams, the lack of adequate mutual knowledge is likely to pose a bigger problem for coordinating. When there are many interdependent members, communication across the network is likely to be more expensive (van Zandt and Radner, 2001) , which is likely to be exponentially harder when the knowledge that needs to be communicated is complex, technical, context-dependent and hard to articulate.
However, in larger teams, higher levels of mutual knowledge are less likely to have the expected negative impact. This is because, in larger teams, the more knowledge is shared, the easier it becomes to coordinate across the entire team. Therefore, we expect that:
H3: Team Size moderates the curvilinear relationship between business domain mutual knowledge and performance such that the inverted U-shaped pattern is amplified when team size is low and neutralized when team size is high.
EMPIRICAL SETTING AND CONTEXT
The empirical setting is based on a field study conducted over 3 months and multiple visits during 2009 and 2010 to the headquarters of a large multinational software services firm located in Bangalore, India. In the spirit of Bartel, Ichniowski, and Shaw (2004) , this is a single-firm study using detailed quantitative data at the project level to examine the key production processes by first identifying the production units (e.g., teams of employees) and then conducting econometric hypothesis testing to determine organizational specific determinants of performance 1 . The software services industry is particularly conducive to testing this type of theory as it is a high-technology, knowledge-based industry where the chief resource is the large numbers of talented and skilled software engineers who account for over 70% 2 of the cost of producing the service.
This particular firm provides customized software solutions for various clients in such industries as banking, insurance, telecom, retail, transport, manufacturing, pharmaceuticals, etc. In order to provide superior solutions, firms require a thorough knowledge of the various generic software technology platforms (Java, DotNet, Mainframe, etc.) as well as a deep knowledge of the client's industry and business imperatives. This Indian firm was faced with competitive challenge from foreign multinationals (e.g., Accenture, IBM, HP, CSC, and others) that had decades of experience (and superior industry domain specific capabilities) in providing customized IT services to clients across multiple industries. Foreign firms were able to mimic some of the comparative cost advantages of the focal firm by setting up global software development centers in India and recruiting fresh graduates from Indian engineering schools at a fraction of the salary of their USbased counterparts. Faced with such a competitive threat in its home country, the firm decided to upgrade its capabilities, especially in the delivery of high-end services tailored to clients' business requirements. With the goal of bridging the capability gap with established foreign multinationals, the firm made huge investments in specialized training for its software engineers in different industry domains, and then developed certification exams to evaluate their learning and knowledge absorption.
1 Ichniowski and Shaw (2003) used the term "Insider Econometrics" to describe single-firm studies using a large sample of internal project-level data based on extensive fieldwork. 2 The focal firm confirmed this 70% figure for their cost of operations. Interviews and discussions with industry professionals from multiple firms confirmed this rough figure for other Indian IT services firms. Earlier estimates by Lakha (1994) suggest that labor costs accounted for about 70% of all software costs in the early 1990s.
The exams were initially rolled out to senior employees (project managers and service delivery heads); overtime employees at lower levels were included. The idea behind this top-down approach was that if senior executives could buy into the new scheme, then midlevel managers would accept it and follow through. There was internal resistance at the outset, and some controversy regarding whether the certification exams would enhance employee competency. In the end, however, the senior-most executives stood behind the initiative and implemented it. Business domain-specific certification exams were introduced to augment the industry-domain knowledge of employees working with customers in different industry verticals (banking, healthcare, retail, etc.).
Appendix 1 presents a few examples of certification exams. Special training materials and programs were available at the library and training centers as well as in online knowledge repositories.
Certification was mandatory for all employees working in client projects at all locations in India and worldwide. Appendix 2 presents a brief history of the certification initiative.
Software services are normally rendered to clients through individual projects; therefore, the hypotheses were tested using detailed operational, financial, and human capital data at the project level from a large sample of software development projects. Since capabilities in this industry primarily exist and revolve around software projects within firms, a software project was chosen as the appropriate level of analysis. Since each project execution involves a combination of different routines, our assumption is consistent with previous theory, which defines capabilities as high-level routines or collection of routines (Winter, 2003) . In a similar empirical setting, Ethiraj et al. (2005) demonstrated the positive performance impact of project management capabilities, while Huckman, Staats, and Upton (2009) established the importance of team familiarity in high performing projects.
More recently Bapna et al (2012) studied the impact of human capital investments on employee performance in the IT services industry. Since the firm delivers service to customers by executing multiple projects for different customers, it may be assumed that firm performance is an aggregation of project performance (Ethiraj et al, 2005 ). Therefore, firm-level inferences may be drawn from analyzing a large sample of projects executed by a single large globally renowned company. (2000) This setting enabled us to test the efficacy of these learning initiatives. In total these team members sat for 9,570 Customer Business Domain Exams.
DATA & METHODS

Following Banerjee and Duflo
We used these exams as the key measure for our primary construct: mutual knowledge within the project team. For Mutual knowledge we prepared a symmetrical matrix with rows equal to the number of team members and in each cell we entered the number of common exams taken by the members in that intersection of rows and columns. We then added all the cells, removed the diagonal elements, and divided by two (to avoid double counting) and further divided that by the team size (to normalize, since larger teams are expected to have more exam takers) to obtain the Mutual Knowledge measure for the project team. We created the mutual knowledge measures following the above procedure for business domain exams. Table 2 below. The correlation chart for the variables is presented in Table 1 .
RESULTS & DISCUSSION
The base Model 2 suggests that Business Domain Mutual Knowledge (BDMK) follows an inverted U relationship with Project Performance. It enhances project performance initially up to a certain point during which a one unit increase in BDMK leads to 19% increase in project performance, however the rate of increase slows down at the rate of 2.9% (as is evident from the coefficient of the square term of BDMK), thus generating an inverted U relation (please see graph for H1 below in Figure 1 ). This curvilinear effect demonstrates the inverted U relation and supports H1. In Model 3, BDMK is interacted with onsite ratio and the square term however the coefficients are not significant. Therefore H2 is not supported (please see graph for H2 below in Figure 2) . In Model 4, BDMK is interacted with team-size and we find that the linear term is negative significant while the square term is positive significant thus suggesting that the inverted U relation of BDMK is amplified when team size is low and neutralized when team size is high. This supports H3 (please see graph for H3 below in Figure 3 ). In Model 5 we introduce both the interaction terms (with onsite ratio and team size) and find some support for H2.
Overall we find that the main effect of BDMK is curvilinear such that increase in BDMK enhances project performance up to a limit after which further increases in BDMK hurts project team performance -suggesting that BDMK is beneficial and essential for enhancing project performance up to a certain threshold after which excess BDMK leads to decline in project performance. Upon interacting with onsite ratio the results indicate that with high levels of onsite-offshore ratio BDMK enhances performance by mitigating the coordination costs that naturally occur due to lack of colocation resulting from distribution of team members in different time-zones. When interacted with team size, the results suggest that when team size is small coordination problems are not a concern therefore high levels of mutual knowledge hurts project performance due to lack of relevant knowledge and task clarity, however when team size is large coordination problems become a challenge which necessitates high levels of BDMK to mitigate the associated costs and improve project performance.
We conducted robustness tests of our results by controlling for total number of exams taken by a team (as larger teams are likely to take more exams) and also for the total experience of teams in different technologies and business domains (as work experience could potentially have an impact on the performance). Our results remained invariant to these factors as displayed in Table 3 .
We do acknowledge limitations in terms of sample size (all projects are from a single firm) and data on team demographics, which could have enabled us to measure diversity, however this type of detailed internal project level data is extremely hard to come by and therefore we believe the results assume significance. Besides the focal firm is an industry leader along several dimensions (profitability, market capital, business transparency, and corporate social responsibility), so we feel that the results may be generalizable within the IT services sector. The worldwide IT services market was $931.7 billion in 2013 3 . Much of this work is collaborative and is accomplished through project teams often distributed across multiple time zones. This paper analyzes the conditions under which knowledge available to team members leads to positive performance outcomes in offshore outsourced software development projects.
Overall the results indicate that it is not mere knowledge but the ability to communicate, share, and maintain a healthy balance of mutual knowledge (not too much and not too little) knowledge that generates superior performance in teams. Therefore firms must first gain knowledge and share with other team members but also learn a variety of skills (how to accomplish various tasks efficiently) and let different team members specialize in different tasks and knowledge domains in order to achieve higher performance. The results encourage the development of optimal team design capabilities by firms in the offshore outsourcing industry. This also supports the capability-based view of the firm which suggests that valuable and rare capabilities lead to superior performance. Until 2002, promotions at the firm were based on experience, and grade. Thereafter the promotions gradually shifted from being experience/grade based to expertise and role based. The job description for each position within the firm was documented, and employees were rated by their supervisors based on competence in their particular role. When promotions became role/expertise based, there was a need for enhancing competency of employees to meet the requirements/demands of different roles. This led to the advent of role-based training programs. Sometimes individualized training programs were introduced for employees deputed for special tasks, e.g., customer facing roles. However one drawback of this training program was that there was hardly any evaluation of the program or the employees attending these training sessions. Often employees attended these training sessions just like auditing a class, without internalizing what was taught, as there was no test, or exam at the end to evaluate absorption of the delivered knowledge by attendees. In order to incentivize employees to put in more effort and learn the topics covered in these training sessions, the firm's senior management came up with the idea of certification exams in 2005. The purport of this scheme was to enable employees to gain expertise in different software technologies and business domains through focused training and experience and finally evaluate them through certified examinations.
In order to ensure that these exams were taken seriously by the employees, the senior management along with HR tied the performance on these certification exams to annual appraisal of employees. Each employee was expected to take at least two certification exams every year, and pass. An employee had the opportunity to re-take any exam two times if he/she failed in the first attempt. Gradually this program gained momentum as employees who did not take exams were not considered for promotions during year-end appraisals. These appraisals took into account each employee's comprehensive ratings relative to other peers within his/her division. The certification exam scores were included as part of the comprehensive ratings.
Thus the firm's senior management was able to introduce change within the firm by a combination of sound management principles, and proper incentives. The use of top-down approach while introducing the certifications (instead of bottom-up approach) helped set an example for junior employees and enabled their buy-in to the new scheme. The inclusion of the certification exam scores as part of the annual comprehensive ratings provided powerful incentives for most employees to prepare well and pass these exams. Therefore through a combination of incentives, enablers such as training programs, and study materials, and inspirational leadership (e.g. the topdown approach), the firm was able to institute this huge company-wide Certification examination initiative with the intent of enhancing individual capabilities of its employees.
The guiding philosophy was that by enhancing individual capabilities of employees, their project performance would improve and the company as a whole would benefit in the long run. Thereby
